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SPECIFICATIONS 

1. Title of the Invention 

20 

Stereoscopic Image Display Device 



2. Claims 



2 5 1. A stereoscopic image display device characterized by receiving television image 

signals and depth information signals that show the depth information held by 
the television signals, and by dividing such received television image signals 
into n (n being any positive integer 2 or greater) and by guiding one signal to a 
fixed delay circuit and by guiding the remaining signals to (ft-1) pseudo- 

3 0 multidirectional image signal forming circuits that include variable delay 

circuits that are so constituted as to control the amount of delay relating to the 
depth information signals received, and by performing image reproduction on 
the signals obtained from the delay circuits to make them left eye and right eye 
image signals 

3 5 2. The stereoscopic image display device of Claim 1 further characterized by being 

so constituted that the (ft-1) pseudo-multidirectional image signal forming 
circuits apply gain control according to the angle of view of the viewer of the 
image reproduction screen upon the aforementioned depth information signals, 
and then guiding the depth information signals to the variable delay circuits 

4 0 3. The stereoscopic image display device of Claim 1 further characterized in that n 

is set at 2, and in that the right eye and left eye image signals are reproduced as 
television signals by means of separate cathode ray tubes, and in that the 
reproduced images are synthesized through a translucent mirror, and in that an 
optical differentiation means that includes the translucent mirror is disposed in 
4 5 the light path of the reproduced images, whereby the right eye and left eye 
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reproduced images are seen individually 1 through the right eye and left eye of 
the viewer 

4. The stereoscopic image display device of Claim 1 further characterized in that n 
is set at 2 or more, and in that the image signals from the fixed delay circuit and 
5 from the pseudo-multidirectional image signal forming circuits are supplied to 

individual cathode ray tubes, and in that the cathode ray tubes are scanned 
horizontally and each of the image signals is reproduced as a television image 
point sequentially in such a manner as to display certain of the image signals 
along the same line in the vertical scan direction on the image display screen, 

1 0 and in that the point sequentially reproduced images pass through a lenticular 

lens that is so disposed between the viewer and the cathode ray tubes that a 
single lens corresponds to a group of point sequentially reproduced images, and 
the viewer views two particular images from the group of point sequentially 
reproduced images as right eye and left eye images 

15 5. The stereoscopic image display device of Claim 4 further characterized by 
consisting of three fixed delay circuits to which the input signals are respectively 
the three primary colour signals and said (n-1) pseudo-multidirectional image 
signal forming circuits, and a cathode ray 2 tube in which three electron guns 3 
that are provided with the output signals from the circuits corresponding to the 

2 0 three primary colours in the vertical scanning direction, and a shadow mask and 

three primary colour fluorescent screen that are suitably arranged to cause the 
three electron guns 3 to display colour images, and the aforementioned lenticular 
lens, and that displays in colour the aforementioned point sequential 
reproduced images 
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3. Detailed Description of the Invention 



The present invention relates to a stereoscopic image display device for television 
that is intended to allow the viewing as stereoscopic images of images reproduced 

3 0 from a single television image signal obtained by imaging the object to be copied, 

and a depth information signal relating to the image to be copied, and more 
particularly, the present invention provides a stereoscopic image display device 
suited to a stereoscopic television broadcasting method that enables transmission 
over substantially the frequency bandwidth of a single channel by, in the 
35 reproduction of either the right eye image or the left eye image from the two eye 
images that are necessary for the reproduction of stereoscopic images, performing 
image reproduction on signals formed from television image signals specifically 4 for 
the right eye or the left eye employing depth information signals that require only a 
very narrow transmission frequency bandwidth. 

4 0 In order to obtain stereoscopic images, images must generally be displayed of the 

object to be copied when seen from multiple directions such as from two directions, 
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with the multidirectional images imparting binocular parallax and motion parallax 
to the viewer and the viewer being able to see a natural stereoscopic image. 

The methods employed hitherto in order to obtain such multidirectional images 
5 were either to photograph the object to be copied from multiple directions 
simultaneously with a plurality of cameras, or to create a plurality of plates that had 
been corrected according to the desired depth on the basis of a single original plate. 

However, when these methods were applied to television systems and the like, 
1 0 multichannel transmission lines were required in order to lead the multidirectional 
image signals and the like into the input terminals of the stereoscopic display device, 
which occupied considerable bandwidth. 

A very great advantage would be provided in the saving of transmission bandwidth 
15 if only a basic single directional image signal and a depth information signal that 
showed the depth information of the object copied that was common to the 
multidirectional image signals including the image signal were transmitted, and a 
pseudo-multidirectional image signal equivalent to the multidirectional image 
signals could be obtained at the receiving stereoscopic display device. 

20 

The present invention has been created in order to satisfy this desire, and forms a 
pseudo-multidirectional imaging signal from a basic image signal from a single 
television camera and from a depth information signal that possesses an amplitude 
that is proportional to the depth interval AD from the basic viewing interval to each 

2 5 part of the object to be copied; in the following description of the invention, the term 

"image signal 7 is employed in place of the term "imaging signal 7 . 

Thus the present invention is characterized by receiving television image signals and 
depth information signals, dividing the television image signals received into n parts 

3 0 (n being any positive integer 2 or greater), by guiding one signal to a fixed delay 

circuit and by guiding the remaining signals to (ft-1) pseudo-multidirectional image 
signal forming circuits that include variable delay circuits that are so constituted as 
to control the amount of delay relating to the depth information signals received, 
and by performing image reproduction on the resulting signals to form right eye and 

3 5 left eye image signals. 

The depth information envisaged by the present invention is obtained by calculating 
the correlation between the output signals when the object to be copied is captured 
by known art such as for example by a technical means that applies an image 

4 0 recognition device and the like such as that proposed by JP50-23740, or in other 

words, by two television cameras, or by employing a high level measurement means 
by means of ultrasound waves or radio waves and so forth. 

Depth information signals acquired by means of any known art are applied to the 
4 5 device of the present invention illustrated in Figure 1 together with the television 
image signals corresponding to the depth information signals. 
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Thus Figure 1 is a configuration drawing of a practical embodiment of the present 
invention, in which the television image signal ei that is applied to the input 
terminal 1 is divided into for example two parts, one of which is applied to the fixed 
5 delay circuit 2 and the other passes through the pseudo-multidirectional image 
signal forming circuit 3 that includes a variable delay circuit such as for example a 
charge-coupled device (CCD) 4 and the parts are applied to the cathode ray tubes 9 
and 10 respectively shown in Figure 3 5 . 

10 The depth information signal e2 passes from the input terminal 5 through the 
amplifier 6 of degree of amplification A and the reciprocal function circuit 7 of the 
pseudo-multidirectional image signal forming circuit 3 and is applied to the voltage- 
frequency conversion circuit 8 and is converted into a frequency pulse signal 
corresponding to the depth information; the variable delay circuit 4 is driven by such 

15 pulse signal, and the television image signal ei that is applied to the signal input 
terminal of the delay circuit 4 is set in inverse proportion to the pulse signal 
frequency and is delayed. 

In the above, the frequency f c of the pulse signal generated in the voltage-frequency 
2 0 conversion circuit 8 is fetched in inverse proportion not only to the depth 
information signal but also to the angle of vision of the viewer, that is, after the 
degree of amplification of the depth signal after has been controlled in the amplifier 
6 for gain A corresponding to the angle of vision, the pseudo-multidirectional image 
signal forming circuit fetches a signal bearing an inverse relationship thereto 

2 5 through the reciprocal function circuit 7, and a pulse signal of a frequency 

corresponding to the level of the signal fetched is obtained from the output side of 
the voltage-frequency conversion circuit 8. 

In this manner, in this embodiment of the invention, the output television image 

3 0 signal which has been delayed proportionally to either of the depth information 

signal or the angle of vision for the input image television signal that was delivered 
to the signal input terminal of the variable delay circuit 4 is fetched from the output 
terminal of the delay circuit 4. This quantitative treatment is described below. 
Moreover, in the following, the output pulse signal from the voltage-frequency 

3 5 conversion circuit 8 drives the variable delay circuit 4 which consists of a CCD and 

so forth, and is therefore referred to as a clock pulse. 

To describe in greater detail the variable delay circuit 4 of the pseudo- 
multidirectional image signal forming circuit 3, when the delay circuit 4 consists of a 

4 0 CCD, the delay time is determined by the transmission frequency f c of the charge in 

the CCD, and this is controlled through the clock pulse from the voltage-frequency 
conversion circuit 8, and the delay time xa is represented by 
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_N _ N 

Td = L = * 

Where, N: Number of CCD elements 

A: Degree of amplification of amplifier (corresponding to angle of 
vision) 

5 e2: Depth information signal voltage 

emin: Signal voltage to be input to the voltage-frequency conversion 
circuit 8 when the depth information signal voltage is zero volts; in this 
Case, Imax = k/emin (k is a constant) 
Thus, as will be evident from the formula above, xd becomes smaller as f c become 
10 greater, and hence delay time that is substantially proportional to the depth 
information signal voltage e2 is applied to between the input and output of the delay 
circuit 4. Consequently, if the output image signals from the delay circuit 4 are 
displayed as images by the normal television scan, images are displayed that have 
slipped laterally in proportion to the delay time by the delay circuit 4. 

15 

Such newly acquired pseudo-multidirectional image signals corresponding to the 
angle of vision are input together with the image signals from the fixed delay circuit 
2 to the stereoscopic image display device that consists of two cathode ray tubes. 

2 0 For the sake of simplicity in the description, the television image signal ei that is 
applied to the terminal 1 in Figure 1 is the object obtained by capturing as the object 
to be copied the Z-shaped object shown as A in Figure 2, and the depth information 
signal e2 that is applied to the terminal 5 is the signal that represents the depth 
information by varying the amplitude according to the depth of the object to be 

2 5 copied in the positive and negative directions on the basis of a signal possessing an 

amplitude 6 corresponding to the depth information of the object to be copied 11 
synchronized with the television image signal ei, for example the signal in B in the 
drawing when the horizontal scan line shown by 12 is indicated, that is, the standard 
line 13 that is set appropriately in relation to the depth direction of the object to be 

3 0 copied 11. 

In the structure shown in Figure 1 into which the signals ei and e2 are input, the 
images reproduced from the terminal 14 obtained via the fixed delay circuit 2 are the 
reproduced images of imaging input signals ei shown in Figure 2 A that have 

3 5 undergone a constant fixed delay. On the other hand, the amount of delay of the 

reproduced images obtained from the pseudo-multidirectional image signal forming 
circuit 3 via the output terminal 15 is controlled by the depth information signals e2 
as in Figure 3 B, and delay in the positive direction or negative direction (for 
example ti or t2) is applied on the basis of the amount of delay in the system 

4 0 (terminals 1 to 14) that applies direct and constant delay to the imaging input signal 

ei. Consequently, if the amount of delay of the fixed delay circuit 2 is set at 
substantially the mid-point value of the maximum amount of delay of the variable 
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delay circuit 4, the reproduced images from the pseudo-multidirectional image 
signals obtained from the terminal 15 of the pseudo-multidirectional image signal 
forming circuit 3 are reproduced images in which all the pixels on the scan lines 12 
correspond to the depth of the object copied with slippages of for example ti and t2 
5 only to left and right on the reproduced image screen as shown in Figure 2 C. In 
other words, if the screens in Figure 2 A and C are viewed with the right eye and left 
eye respectively, the viewer views these as a stereoscopic image. 

Figure 3 is an example of the constitution of the image reproduction and display 
1 0 device, in which the input signals are synchronized, and the individual input signals 
are reproduced as right eye and left eye television images as in Figure 2 A and C 
through the pair of cathode ray tubes 9, 10 that are so constituted as to reproduce the 
images. The angle A shown in Figure 3 is the aforementioned angle of vision and 
determines the gain of the amplifier 6 in the pseudo-multidirectional image signal 
15 forming circuit 3 in Figure 1. In the following description relating to Figure 3, 16 is 
an image signal input terminal for for example the right eye for signals acquired 
from the output terminal 14 in Figure 1, and 17 is an image signal input terminal for 
for example the left eye for signals acquired from the output terminal 15 of the 
pseudo-multidirectional image signal forming circuit 3 in Figure 1. The acquired 
2 0 signals are reproduced as television images in the cathode ray tubes 9 and 10 
respectively and are displayed as images. These two images are 7 so constituted as to 
be viewable by the viewer 21 via polarizing filters 18, 19 in which the angles of 
polarization are set orthogonally and the translucent mirror 20, and consequently, if 
the viewer views two reproduced images (for example A and C in Figure 2) with the 

2 5 right eye and left eye through the polarizing filters 22, 23 in which the angles of 

polarization are set in common corresponding to the polarizing filters 18, 19 in front 
of the right eye and left eye image reproduction cathode ray tubes 9, 10, the two eye 
parallax causes objects to be seen as stereoscopic objects. 

3 0 Next, an embodiment is described that enables stereoscopic viewing of objects 

according to different multidirectional angles of vision (for example, if there is one 
viewer who moves in relation to the reproduced image, the angle of vision of the 
viewer changes, or if many people view the same reproduced image, their viewing 
positions in relation to the reproduced image will each be different and the angle of 

3 5 vision of each of the viewers will be different). 

In this case, a plurality of pseudo-multidirectional image signal forming circuits is 
provided according to the desired number of directions as shown by 3', 3" ... in 
Figure 1, the input image signal ei from terminal 1 is branched to the circuits 8 3' , 3" 

4 0 and pseudo-multidirectional image signals are fetched from the output terminals 

of the circuits 15', 15" ... which is described below. 

In other words, the constitution of the circuits represented by 3' , 3" ... is exactly the 
same as that pseudo-multidirectional image signal forming circuit 3 which is 
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described below and the extents of amplification A', A" ... of the amplifiers 6', 6" ... 
are different and are set in relation to the angle of vision in each direction. 

Assuming for ease of description a constitution in which there are two different 
5 angles of vision, the pseudo-multidirectional image signal forming circuit consists of 
two circuits represented by 3, 3', and the input image signal ei is divided into three 
parts, one of which is conducted to the fixed delay circuit 2 and the remaining parts 
are conducted to the pseudo-multidirectional image signal forming circuits 3, 3'. 

10 Figure 4 shows a practical embodiment of the corresponding stereoscopic image 
display device. 

In the drawing, 24 is a cathode ray tube, and 25, 26 and 27 are three electron guns 
that are disposed in a straight line in the horizontal scan direction; the output signals 

1 5 from the fixed delay circuit 2 and the pseudo-multidirectional image signal forming 
circuits 3, 3' shown in Figure l 9 are supplied via the terminals 28, 28, 30 to the 
electron guns 25, 26, 27, and the point sequential reproduced images from the fixed 
delay circuit 2 and the pseudo-multidirectional image signal forming circuits 3, 3' are 
displayed on the fluorescent screen 31 from the shadow masks 32 that are disposed 

2 0 on the electron gun side close to the fluorescent screen 31. Only one particular 
output image signal from the circuits 2, 3, 3' is displayed as a reproduced image on 
the same line in the vertical scan direction, and the images from the electron guns 25, 
26, 27 form reproduced images on the fluorescent screen 31 as shown in the enlarged 
portion enclosed in the ring at points 33, 34, 35. The horizontal scan direction 

2 5 positions of such points 33, 34, 35 correspond to positions a, b, c of the viewer's eye, 

and a lenticular lens 36 that is so constituted that single cylindrical lenses correspond 
to the band-shaped portions in the vertical scan direction on the fluorescent screen 
31 at which the points 33, 34, 35 occur is disposed between the faceplate of the 
cathode ray tube 24 and the viewer and is preferably bonded to the faceplate. In the 

3 0 drawing, A, A 7 represent angles of view, and are related to the extent of 

amplification of the amplifiers 6, 6' of the pseudo-multidirectional image signal 
forming circuits 3, 3'. 

When two or more multidirectional stereoscopic images are reproduced, a single 

3 5 electron gun is employed in place of the cathode ray tube that is provided with 

multiple electron guns as shown in Figure 4, and the multidirectional image signals, 
that is, the output signals from the fixed delay circuit and the output signals from the 
pseudo-multidirectional image signal forming circuits, are supplied alternately 
successively in the form of time division signals to the single electron gun with the 

4 0 result that the stereoscopic image shown in Figure 4 is reproduced, and in this case, 

the detailed description of the method 10 of reassembling the image is omitted 
because this is described in JP51-90514 which describes a stereoscopic image display 
device by the inventors of the invention which is the subject of the present invention. 
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Moreover, when colour image signals are displayed, three electronic circuits 11 that 
correspond to the image signals for the three primary colour signals red, green and 
blue (R, G, B) are provided as shown in Figure 1, and multiple electron guns of the 
reproduction device in Figure 4 are provided for each colour in three sets of vertical 
5 scan directions (single electron guns may also be provided); the electron guns may 
be so constituted as to be controlled by each of the colour signals, and in that case, 
the electron guns that form individual sets control the same colour signals by means 
of the constant delay signals and the pseudo-multidirectional image signals. 

1 0 Figure 5 shows the relationship between the cathode ray tube fluorescent screen 31 
and the lenticular lens 36; the fluorescent screen 31 of the cathode ray tube forms 
stripes in the horizontal scan direction (horizontally) of arrays of colours, in for 
example the sequence R, G, B, in the vertical scan direction (vertically); the same 
colour image signal causes multidirectional point sequential images to be scanned 

15 and reproduced on the striped fluorescent screen, and stereoscopic images 
possessing motion parallax are reproduced and displayed by the striped fluorescent 
screens 12 of the other colours that are disposed vertically and that scan synchronously 
therewith combining with the multidirectional point sequential images. 

2 0 Moreover, in Figure 5, left-hand side and right-hand side dash lines are shown; the 

left hand side being the view seen from the reverse of the fluorescent screen 31 and 
the right hand side being the view seen from above of the lenticular lens 36, which 
elucidates the relative positional relationships of the two in the vertical and 
horizontal scan directions. 

25 

In these two types of embodiment of the invention, the depth distance AD for the 
binocular parallax AO of the viewer of the display device envisaged by the present 
invention in relation to the depth information signal amplitude e2 is represented by 

AD= ° ' A0 = — -Ax = — -fc(r-r min 
a a a 

D k * 

= T7' A ' e 2 ^2 

a k 

3 0 Where, a: Distance between pupils; D: Standard viewing distance; Ax = k(r-r m in): 

Slippage; k: Scan constant; r = N/fc: Delay time; r m m = N/fMAx: Minimum delay 
time; N: Number of CCD elements; f c = k/(A-e2 + e m in 13 ): Transmission frequency; 
fmax: Maximum transmission frequency 

3 5 The present invention as described above reproduces stereoscopic images by means 
of reproduced images from normal television images, and by means of reproduced 
images from image signals obtained by delaying such television image signals in the 
positive or negative direction by means of depth information signals that are 
sufficient within a very narrow bandwidth, and hence the invention enables the 
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transmission of stereoscopic image signals by transmission paths of relatively 
narrow bandwidths, and moreover, it is also possible to generate in electronic 
circuits depth information signals corresponding to geometric patterns that have 
been derived from electronic circuits, thus readily imparting and varying a sense of 
5 depth to such geometric patterns. Moreover, whereas large capacity memory 
elements are normally required in order to output multidirectional image signals at 
the same time as computer output is displayed as stereoscopic images, the present 
invention requires only input image signals and depth information signals viewed 
from one direction and hence very few memory elements are required at the 
1 0 computer. 

The frequency bandwidth required for the depth information signals in the present 
invention can be anticipated to be a spatial frequency of the order of 5 cycles/ degree 
according to visual characteristics; when this is applied to the current standard 

15 television modes it becomes of the order of 2 MHz, but by comparison with the 
"Number of directions N x 1 image frequency bandwidth W which has hitherto been 
required for the direct transmission of multidirectional images, the display device 
envisaged by the present invention requires only 'Frequency bandwidth W for one 
image + Frequency bandwidth for depth information (approximately 2 MHz)'; more 

2 0 particularly, the invention is highly advantageous in that there is no increase in 
bandwidth for the depth information when the number of directions N is two or 
more, and it is unnecessary to transmit a plurality of depth information signals. 
Moreover, the present invention facilitates the display of stereoscopic fractured 
layer 14 images by employing consecutive fractured layer diagrams obtained by 

2 5 sampling showing the status of fractured layers in objects. In other words, it is 

readily possible to observe stereoscopic fractured layer images by conducting plane 
image signals that show consecutive successively sample fractured layer diagrams as 
unidirectional images, and depth information signals (constant level direct current 
signals) that show the alignment and positions of the plane images. 

30 

The generality of the present invention is not limited to the foregoing examples, and 
various modifications may be made to it provided only that they do not breach the 
spirit of the invention; for example, absolute discretion is allowed as to the use of 
either the constant delay signal or the pseudo-multidirectional image signal as the 

3 5 input image signals for the right eye or left eye image information signals, and this is 

an element that is naturally determined by the appropriate constitution of the image 
reproduction and display device. Moreover, the depth information is not limited to 
the depth distance from the standard viewing distance to each part of the object to be 
copied; for example, when a unidirectional stereoscopic image is to be obtained, a 

4 0 signal equivalent to a parallax signal may generally be obtained by combining the 

output from a plurality of television cameras in order to obtain multidirectional 
stereoscopic images, by for example applying the signal differences between two 
television cameras and so forth, and by transmitting this together with the output 



14 The term used in the Japanese text for 'fractured layer' (ISfS) normally only has the meaning of 
geological fault, but as it was not clear that that meaning was intended here, I have used 'fractured 
layer' - Translator 
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signal from a primary television camera to the receiver, with the television camera 
output signals and the signals equivalent to the parallax signals being treated as the 
input signals to the input terminals 1 and 5 shown in Figure 1. 

5 4. Simplified description of the drawings 

Figure 1 is a structural drawing of a practical embodiment of the electronic circuit of 
the present invention for the formation of stereoscopic image signals, and Figure 2 is 
an explanatory drawing intended to describe the relationship between the depth 

1 0 information signals and the reproduced stereoscopic images in the present invention. 
Figure 3 and Figure 4 are structural drawings of practical embodiments of in 
particular the image reproduction device of the stereoscopic image display device of 
the present invention, and Figure 5 is an example of the constitution of the cathode 
ray tube fluorescent screen and the lenticular lens when the present invention is 

1 5 applied to the stereoscopic image reproduction of camera images. 

I ... Television image signal input terminal, 2 ... Fixed delay circuit, 3, 3', 3" ... 
Pseudo-multidirectional signal forming circuits, 4, 4' ... Variable delay circuits, 5 . . . 
Depth information input signal, 6, 6' ... Amplifiers, 7, 7' ... Reciprocal function 

2 0 circuits, 8, 8' . . . Voltage - frequency conversion circuits, 9, 10 . . . Cathode ray tubes, 

II ... Object to be copied, 12 ... Scan line, 13 ... Standard line, 14, 15, 15', 15" ... 
Output terminals, 16, 17 . . . Image signal input terminals, 18, 19 . . . Polarizing 15 filters, 
20 . . . Translucent mirror, 21 . . . Viewer, 22, 23 . . . Polarizing filters for viewer 21, 24 
... Cathode ray tube, 25, 26, 27 ... Electron guns, 28, 29, 30 ... Image signal input 

2 5 terminals, 31 . . . Fluorescent screen, 32 . . . Shadow mask, 33, 34, 35 . . . Image positions, 
36 . . . Lenticular lens 



30 
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